3-glucuronidase and cathepsin B were assayed as lysosomal marker enzymes. Lysosomes incubated with homogenising medium alone or equivalent volumes of phosphatidylcholine vesicles without cholesteryl oleate were used as controls. Cholesteryl oleate at concentrations of 15 and 20 mM increased pancreatic lysosomal fragility as shown by decreased latency and increased supernatant enzyme. In contrast, ethanol (150 mM) and acetaldehyde (5 mM) had no effect on lysosomal stability in vitro. These results suggest that increased pancreatic lysosomal fragility observed with ethanol may be mediated by cholesteryl ester accumulation rather than by ethanol or acetaldehyde. (Gut 1992; 33: 1099 -1104 Abuse of ethanol is a known association of pancreatitis. ' The mechanisms whereby ethanol exerts its pancreatotoxic effects, however, are unknown. Over the past decade, digestive enzyme activation by lysosomal hydrolases (particularly cathepsin B)2 has been implicated as the initial event in three forms of experimental pancreatitis.3 Furthermore, recent studies from this laboratory have shown that experimental ethanol administration increases the fragility of rat pancreatic lysosomes. 6 The increase in pancreatic lysosomal fragility could result from a direct effect of ethanol on lysosomal membranes. In vivo and in vitro animal studies have shown that ethanol alters the morphology and/or function of membranes of hepatocytes,7'9 erythrocytes,"' intestinal microvilli," and brain microsomes.`A lternatively, the increased lysosomal fragility may be mediated by acetaldehyde. This highly reactive metabolite of ethanol has been shown to form adducts with liver plasma membranes which result in activation of the complement sequence. 11 14 In addition, Tillotson et al" have shown that acetaldehyde increases membrane permeability and fluidity as well as inhibiting Na+-stimulated glucose transport in rat intestinal microvillus membranes.
An additional possibility is that cholesteryl esters alter lysosomal stability. Fat droplet accumulation in acinar cells has been observed as the earliest morphologic alteration in the pancreas of alcoholics.`116 This phenomenon has been reproduced in a rat model of ethanol feeding'7 and subsequent lipid analyses indicated that accumulated cholesteryl esters were responsible for the morphologic changes observed.'7 8 These compounds (Fig 1) 
(d) Freefatty acid concentration
The concentration of free fatty acids in the vesicle preparation was determined by thin layer chromatography followed by gas chromatography mass spectroscopy. The vesicle preparation was freeze dried overnight and resuspended in chloroform:methanol (2:1) at a concentration of 20 mg lipid/ml solvent. This preparation was then applied to standard silica gel thin layer chromatography plates together with phosphatidylcholine, cholesteryl oleate, and oleic acid standards. Plates were developed in chloroform: methanol:water (65:25:4 v/v/v) and the bands visualised by iodine staining. The free fatty acid band was identified and scraped off the plate. Free fatty acids were then eluted three times with methanol acidified to pH 3 by the addition of a few drops of acetic acid. Free fatty acids were methylated by the method of Howard-Black27 using excess etherial diazomethane and then identified and quantified using gas chromatography mass spectroscopy. The vesicle preparation was thus found to contain 13.9 [ig palmitic acid and 11.5 [ig oleic acid/ml. The maximum concentration of free fatty acid in the incubation mixture was calculated to be 50 FtM. INCUBATION latency. With all lysosomal enzymes studied, there was a progressive decrease in latency with increasing concentrations of cholesteryl oleate when compared with phosphatidylcholine controls. This decrease in latency was statistically significant with cholesteryl oleate concentrations of 15 and 20 mM.
Per cent oflysosomal enzymes in supernatant Figure 3 (a-d) indicates the percentages of lysosomal enzymes released into the supernatant after incubation of isolated pancreatic lysosomes wiih phosphatidylcholine vesicles (with and without cholesteryl oleate) and subsequent resedimentation of lysosomes. Paralleling the findings observed with lysosomal latency (Fig 2) 18 Ethanol induced fragility of pancreatic lysosomes has been observed in the absence of any morphologic evidence of pancreatic damage making it unlikely that it is a secondary phenomenon. '7 8 This study shows that cholesteryl oleate can disrupt pancreatic lysosomes in vitro suggesting that cholesteryl esters may be responsible for the lysosomal fragility observed in vivo. In contrast, ethanol and acetaldehyde did not have any apparent deleterious effect on lysosomal stability.
The concentrations of cholesteryl ester seen to increase lysosomal fragility in vitro (15 and 20 mM) were greater than those observed in the rat pancreas in vivo (5 mM).'8 The requirement for higher concentrations to disrupt pancreatic lysosomes may reflect the fact that, in an in vitro system, the period of incubation of isolated lysosomes with cholesteryl ester is necessarily limited (30 minutes in our study) whereas in the previous in vivo study,6 lysosomes were exposed to increased levels of cholesteryl esters for a much longer period (up 
